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TITLE: Multifunctional peroxide as alternative crosslink 

agents for dynamically vulcanized epoxidized natural 

rubber/polypropylene blends 
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AUTHOR (S) : Thitithammawong, A.; Nakason, C; Sahakaro, K.; 

Noordermeer , J. W. M. 

CORPORATE SOURCE: Center of Excellence in Natural Rubber Technology, 

Department of Rubber Technology and Polymer Science, 
Faculty of Science and Technology, Prince of Songkla 
University, Pattani, 94000, Thailand 

SOURCE: Journal of Applied Polymer Science (2009), 111(2), 

819-825 

CODEN: JAPNAB; ISSN: 0021-8995 
PUBLISHER: John Wiley & Sons, Inc. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Commonly used dicumyl peroxide (DCP) in combination with coagent, triallyl 
cyanurate (TAC) , as a crosslinking agent is well acceptable for 
dynamically vulcanized rubber phase of thermoplastic vulcanizates (TPVs). 
However, it generally produces volatile decomposition products, which cause . 
typical unpleasant smell and a blooming phenomenon. In this work, 
influence of two types of multifunctional peroxides: 
2, 4-diallyloxy-6-tert-butylperoxy-l, 3, 5-triazine (DTBT) and 
1- ( 2-tert-butylperoxyisopropyl ) -3-isopropenyl benzene (TBIB), on 
properties of TPVs based on epoxidized natural rubber (ENR) /polypropylene 
(PP) blends were investigated. The conventional peroxide/coagent 
combinations, i.e., DCP/TAC and tert-Bu cumyl peroxide (TBCP)/a-Me 
styrene (a-MeS) were also used to prepare the TPVs for a comparison 
purpose. The TPVs with multifunctional peroxide, DTBT, provided good 
mech. properties and phase morphol. of small dispersed vulcanized rubber 
domains in the PP matrix which were comparable with the DCP/TAC cured 
TPVs. However, the TPVs with TBIB/a-MeS and TBCP/a-MeS showed 
comparatively low values of the tensile properties as well as rather large 
phase morphol. The results were interpreted by three main factors: the 
kinetic aspects of the various peroxides, solubility parameters of resp. 
peroxide/coagent combinations in the ENR and PP phases, and the tendency 
to form unpleasantly smelling byproducts. 
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various analytical techniques 
AUTHOR(S): Datta, S . ; Naskar, K.; Jelenic, J.; Noordermeer , J. W. 
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CORPORATE SOURCE: Laboratory Deventer, Akzo Nobel Research and 

Technology Chemicals BV, Deventer, 7400 AA, Neth. 

SOURCE: Journal of Applied Polymer Science (2005), 98(3), 

1393-1403 

CODEN: JAPNAB; ISSN: 0021-8995 
PUBLISHER: John Wiley & Sons, Inc. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The characterization of peroxide-cured PP/EPDM TPVs using various 

spectroscopic techniques is difficult. These techniques are most suited 
for anal, of solns., while the PP-phase does not dissolve in common organic 
solvents at room temperature To obtain more insight into the chemical and 
reactivity involved between the multifunctional peroxides and EPDM rubber, 
several characterization techniques were employed. In the present 
investigation, FTIR, GC-(FID + MS); HP-SEC, and element anal, were used to 
characterize the multifunctional peroxides TBIB and DTBT, before and after 
the dynamic curing of the EPDM phase. The decomposition products obtained from 
these multifunctional peroxides are most likely grafted onto the 
EPDM-rubber, thereby reducing their volatility and avoiding the common 
unpleasant smell. 
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AB The invention deals with a process for the preparation of a thermoplastic 
elastomeric vulcanizate, based on a polyolefin and a rubber. The rubber 
is vulcanized with an organic peroxide having at least one terminal 
carbon-carbon bond in the mol. As a result, blooming effects are reduced 
and phys. properties are improved. 
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(process for preparation of a polyolefin thermoplastic elastomeric 
vulcanizate ) 
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TITLE: Dynamically vulcanized PP/EPDM blends: Multifunctional 

peroxides as crosslinking agents - part I 
AUTHOR(S) : Naskar, Kinsuk; Noordermeer, Jacques W. M. 

CORPORATE SOURCE: Dutch Polymer Institute (DPI), Faculty of Science and 

Technology Department of Rubber Technology, University 

of Twente, Enschede, 7500 AE, Neth. 
SOURCE: Rubber Chemistry and Technology (2004), 77(5), 955-971 

CODEN: RCTEA4; ISSN: 0035-9475 
PUBLISHER: American Chemical Society, Rubber Division 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Thermoplastic vulcanizates/dynamic vulcanizates were prepared by mixing 
polypropylene (Stamylan P 11E10) and EPDM rubber (Keltan P 597) and 
crosslinking the blend in the presence of multifunctional peroxides. The 
multifunctional peroxides, such as 

1- ( 2-tert-butylperoxyisopropyl ) -3-isopropenylbenzene and 
2, 4-diallyloxy-6-tert-butylperoxy-l, 3, 5-triazine, combined structural 
units of conventional catalysts (dicumyl peroxide) and crosslinking agents 
(a-methylstyrene or triallyl cyanurate) . Overall, a conventional 
system comprising triallyl cyanurate (TAC) and dicumyl peroxide (DCP) 
provided rubber with the best combination of mech. properties. On the 
other hand, the multifunctional peroxides provided rubber with mech. 
properties approaching those of the rubber vulcanized in the presence of 
DCP and TAC, and better than the properties of the rubber vulcanized in 
the presence of DCP without TAC. Depending on specific requirements, the 
use of the multifunctional peroxides could be justified. Thus, such 
vulcanizates were characterized by the absence of smelling volatile 
byproducts formed by decomposition of the conventional peroxides (e.g. DCP). 
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Engineers (2004), 62nd (Vol. 3), 4202-4219 

CODEN: ACPED4; ISSN: 0272-5223 
PUBLISHER: Society of Plastics Engineers 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Thermoplastic vulcanizates (TPVs) or dynamic vulcanizates are a special 

class of thermoplastic elastomers, produced by mixing and crosslinking of 
a rubber and a thermoplastic polymer simultaneously. In a previous study 
the use of dicumyl peroxide in combination with triallyl cyanurate as 
crosslinking agents provide a good overall balance of phys . properties of 
PP/EPDM TPVs. Commonly used peroxides like dicumyl peroxide generally 
produce volatile decomposition products, which sometimes provide a typical 
smell or show a blooming effect. In this paper multifunctional peroxides 
are described, which reduce the above-mentioned problems. They consist of 
a peroxide and co-agent-functionality combined in a single mol. The 
multifunctional peroxides provide properties of TPVs, which are comparable 
with commonly employed co-agent assisted peroxides. The solubility and kinetic 
aspects of the various peroxides are highlighted, as well as the decomposition 
products of the multifunctional peroxides with respect to the avoidance of 
smelly byproducts. Particularly, 2 , 4-diallyoxy-6-tert-butylperoxy-l , 3 , 5- 
triazine turns out for be a very good alternative to the dicumyl 
peroxide/triallyl cyanurate combination. 
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Thermoplastic elastomers produced by simultaneous mixing and crosslinkin< 
of a rubber and a thermoplastic are commonly called thermoplastic 
vulcanizates (TPVs) or dynamic vulcanizates. Our earlier work has 
demonstrated that the application of a proper peroxide in combination wi- 
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a suitable classical co-agent provides a good overall balance of phys . 
properties in PP/EPDM TPVs . Commonly used peroxides produce more or less 
volatile decomposition products, which sometimes possess a typical smell or 
show a blooming effect or voids formation. Multifunctional peroxides were 
developed to reduce those problems. They combine peroxide and 
co-agent-functionality (reactive unsatd. groups) in a single mol. The 
main objectives of the present work are to show the effects of special 
kinds of multifunctional peroxides as curing agents on the properties of 
PP/EPDM TPVs at a fixed blend ratio and to avoid the formation of 
unpleasant byproducts. The multifunctional ones exhibit more or less 
comparable properties as co-agent assisted commonly used peroxides. This 
article focuses on understanding the phenomena in terms of mechanistic and 
kinetic aspects of the peroxides. 
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AB The triazine peroxides I (Rl = allyl, methallyl, crotyl; R2 = C4-20 
nonarom., C7-20 aromatic group; x = 0, 1; R3 = Rl, R2 ; n = 1, 2) are 
crosslinking agents for ethylene polymers. Stirring 70% aqueous tert-BuOOH 
14, 11% NaOH 40, and 2-chloro-4 , 6-diallyoxy-l , 3 , 5-tr iazine 19 g in CH2CC12 
at 35° for 4 h gave 100% 1- (tert-butylperoxy) -4, 6-bis (allyloxy) - 
1, 3, 5-triazine (II). C2H4-C3H6 copolymer (100 g) containing 0.01 equivalent 
had Elastograph cure time (t90, 170°) 10 min, vs. 8 with dicumyl 
peroxide . 
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CN 1, 3, 5-Triazine, 2 , 4-bis ( 2-propen-l-yloxy ) -6- [( 1 , 1 , 3 , 3- 
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